ABSTRACT Except for infectious diseases all the main occupational hazards affecting health workers are reviewed: accidents (explosions, fires, electrical accidents, and other sources of injury); radiation (stochastic and non-stochastic effects, protective measures, and personnel most at risk); exposure to noxious chemicals, whose effects may be either local (allergic eczema) or generalised (cancer, mutations), particular attention being paid to the hazards presented by formol, ethylene oxide, cytostatics, and anaesthetic gases; drug addiction (which is more common among health workers than the general population) and psychic problems associated with promotion, shift work, and emotional stress; and assault (various types of assault suffered by health workers, its causes, and the characterisation of the most aggresive patients).
In a previous paper attention was drawn to the current importance of occupational hazards to hospital workers.' These were classified into six categories (infection, accidents, radiation, exposure to noxious chemicals, drug addiction and psychic problems, and assault), and the risk of infection was discussed. In the present paper the remaining categories are considered.
Accidents
Among the possible types of accidents are included fires, explosions, electrocution, and gas leaks; undesired effects of electromagnetic fields, microwaves, lasers, and vibration; cuts, bruises, and fractures; asphyxia and burns; and the effects of noise.
EXPLOSIONS
Explosions usually occur in laboratories, operating theatres, and boiler rooms. All products that are inflammable or otherwise likely to explode should be labelled as such and stored accordingly.2 FIRE Official regulations concerning the risk of fire in hospitals are in general adequate. Each centre should draw up fire procedures and all hospital workers Accepted 5 August 1986 should be instructed as to what to do in case of fire.
Of 300 fires in United States hospitals, 74% were due to the following four causes, human error being ultimately responsible in almost all cases: electrical faults (23%), cigarettes and matches (21%), incorrect use of anaesthetics, oxygen, and inflammable fluids (19%), and non-electrical heating (11%).
The most common direct cause of casualties associated with ihospital fires is asphyxia by smoke and fumes, which accounts for 78% of deaths and 43% of non-fatal casualties.3 Fire prevention measures should aim to achieve four main objectives in cases of fire: immediate detection, rapid extinction or isolation, non-propagation of smoke and fumes, and safe evacuation of staff and inmates. To these ends, attention should be paid to four basic points: Electrical accidents may cause injury both directly, due to the passage of electric current through the body producing electrocution, internal and external burns, or gaseous embolism; and indirectly, in the form of burns or asphyxia produced by electrical fires or explosions, or injuries suffered in falls after electric shock. The immediate physiological effects of electric shocks depend on the intensity of the current borne, the point of contact, and the path taken through the body. Currents near the threshold of perception (1-3 mA) are innocuous even when there is prolonged contact, but as the intensity of the current rises the tingling sensation becomes progressively more unpleasant. Sudden application of 8 mA generally stimulates a reflex response which may itself bring about injury-due, for example, to a consequent fall off a ladder-but electrification by currents of this magnitude does not normally have direct physiological consequences. Currents greater than about 1OmA produce muscular contractions that lock the hands and arms and prevent the release of the objects held. Burns may also appear. When the current borne is of more than 25-30 mA, spasm may affect the muscles of the thorax and cause "asphyxia" if artificial respiration is not rapidly applied.
Electric shock may be fatal if the current passes through the brain or the thorax, especially if the heart is affected. Since electric current takes the path of least resistance, particular danger thus attends double contacts in which the body forms a bridge between a live wire and a conductor (right hand and left foot or vice versa, right and left hands, or hand and head). Double contacts affecting a single limb are less serious.
There are two contributions to the electrical resistance of the human body: the external resistance of the surface at which contact is made and the resistance of internal tissues. The external resistance varies from one individual to another and from one part of the body to another (a calloused palm is much more resistive than the back of the same hand), and also depends greatly on the humidity of the surface (due, for example, to sweating: more than 60% of electrical accidents suffered by hospital personnel occur during the hottest five months). A skin with a resistance of several hundred thousand ohms when dry may offer just 1000 ohms resistance or less when wet. The resistance of the area of contact also decreases as the contact pressure increases. The resistance of internal tissues varies less and is estimated at between 100 and 5000 ohms.
The 
Radiation
Serious hazards are presented to health workers by the medical use of ionising radiation. The radiation to which hospital staff may be exposed includes both photonic radiation (x rays and y rays) and charged particle radiation (a and ,B rays).
x Rays are generated by conventional radiodiagnostic and x ray therapy equipment and by high energy x ray tubes. Gamma rays are produced by cobalt and caesium bombs and by radioelements encapsulated in needles, tubes, or pearls, which may also emit ,B rays. Finally, unencapsulated radioelements are used in solutions or colloidal suspensions administered to patients and laboratory animals or applied in radionuclear laboratories to biological material obtained from patients or animals. The use of these unencapsulated sources entails the risk of laboratory equipment, workspaces, and personnel becoming contaminated.2425
IONISING RADIATION
The effects of exposure to ionising radiation appear sooner or later after a latency period and may be either stochastic or non-stochastic. Most of the cases mentioned in textbooks of radiobiology involve either massive exposure to radiation used for military purposes or doses of the same order of magnitude as those administered to patients subjected to radiotherapy. Personnel working in properly constructed centres should never be exposed to such large doses so long as they observe the necessary precautions,25 but many health workers are none the less the object of chronic low intensity radiation and as a consequence a small percentage may suffer somatic and genetic stochastic effects and possibly certain non-stochastic effects also. In 1959 it was reported that there had been 359 deaths from radiological causes throughout the world.
Non-stochastic somatic effects
Non-stochastic somatic effects may arise in the haematopoietic system, with occasional hypoplasia or Occupational hazards in hospitals even aplasia, and yearly or half yearly analyses of peripheral blood should be carried out to check for this condition. Dermatological effects may include brittle, cracked, or grooved nails, the disappearance of body hair and fingerprints, and chronic radiodermitis. Cataracts may develop. Irradiation of embryos or intrauterine fetuses by doses of more than I rem may cause abortion, fetal death, or the serious malformation of those fetuses that complete their gestation. Alterations may also be produced by unencapsulated radioisotopes able to cross the placental barrier.
Stochastic effects
Stochastic effects include the shortening of life, the induction of cancer and leukaemia, and genetic effects (an increase in the frequency of mutations).26 27 Nowadays, the main radiation hazard occurs not in hospital radiological departments28 -30 but in the consulting surgeries of general practitioners and small private clinics where adequate safety measures have not been put into effect, and in hospital departments other than the radiological department that may also have occasion to use radiation (operating theatres and casualty and paediatric departments, for example). Professional radiological staff are also less likely to expose themselves to radiation than other personnel such as casualty staff or paediatricians, among whom cases of radiodermitis and skin cancer still sometimes occur. The most dangerous operations for these workers include radioscopy and the use of x ray surveillance of the setting of fractures, searches for foreign bodies, and the introduction of catheters.
NON-IONISING RADIATION
Theoretically, non-ionising radiation used in hospitals may also constitute a health hazard. Such radiation includes ultraviolet light, laser beams, magnetic fields, and radiofrequencies. Ophthalmologists who work many hours a week with lasers have been reported to suffer from reduced central visual acuity, abnormal colour perception, and other defects indicative of possible macular damage,31 and although these claims have not been confirmed, various bodies have established norms for the use of laser equipment.32 -34 Monitor screens have been blamed for eye strain, postural complaints, and psychological alterations leading to "technostress."35 42 In general, however, the risk of health problems derived from non-ionising radiations is negligible. Perhaps the only individuals clearly put at risk by a subclass of radiations of this type are those who have had pacemakers implanted, since exposure to strong magnetic fields such as those used in nuclear magnetic resonance equipment will probably disrupt the timing of the pulses generated by the pacemaker.
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Exposure to noxious chemicals Many of the hazards faced by hospital staff consist in the wide variety of chemical substances used. Apart from cutaneous infections, dermatological effects of other infectious diseases, and infestation by parasites, and leaving aside the now quite rare occurrence of radiodermitis discussed above, the cutaneous occupational diseases suffered by hospital workers may be classified as either irritations (caused by chemical disinfectants and detergents) or allergies (caused, for example, by antibiotics, rubber, nickel, disinfectants, aldehydes, or phenothiazines). The occupational origin of dermatosis may be ascertained on the basis of the shape of the area affected, its distribution and location, the recurrent coincidence in time with particular occupations, the patch test, and the response to treatment. Skin complaints make up half the total number of occupational illnesses both among hospital workers and among the working population in general, 90% of them being cases ofcontact dermatitis. Some 60-80% of these cases are caused by chemical irritants (eczema due to primary irritants) and the remainder are of an allergic nature (allergic eczema).
Occupational allergic eczema is more common among nurses, surgical assistants, and other auxiliaries than among doctors because of their continual contacts with drugs, anaesthetics, and antiseptics. Resistance is reduced by repeated washing with soap and, especially, by scrubbing the hands and forearms, which destroys the skin's protective layer of fatty acids. Surgical and casualty personnel may suffer from "dry hand syndrome" due to handling plaster of Paris. Dentists and dental technicians are often affected by contact eczema caused by handling acrylic monomers, local anaesthetics, essential oils, dental mould paste, epoxy resins, and amalgams. Laboratory personnel are likewise put at risk by many of the chemicals they handle.43 -47 Mutagenic or carcinogenic effects result from many substances used or found in hospitals. Thus betapropiolactone is known to be carcinogenic481 50; hexachlorophene is neurotoxic when applied to the skin, as was illustrated by the neural degeneration suffered some years ago by French infants to whom it was applied in talc, and its teratogenic effects in people are also currently being investigated5 -53; 
been widely used to sterilise medical material. At present it is the disinfectant gas most widely used to sterilise plastics and other materials that cannot be subjected to heat. Its acting at room temperature also makes it economical. Its disadvantages, however, include its being explosive, which makes it necessary to mix it with inert gases; its remaining impregnated in the material being sterilised (it dissolves in rubber), which means that the material sterilised must subsequently be ventilated; and its toxicity, concentrations of 50 000-100000 ppm being lethal in a few minutes. 142 In the United States more than 2000 Wryobek et al found no changes in either the morphology or the concentration of spermatozoa produced by anaesthetists working in three San Francisco hospitals (though the modem gas extraction systems in these centres may have meant that these anaesthetists enjoyed better than average protection).252
Several studies have reported that women exposed to anaesthetic gases during gestation run a greater than average risk of giving birth to children with congenital malformations.236 [253] [254] [255] [256] Tomlin found that the central nervous system and musculoskeletal system were especially affected by this abnormal incidence of malformations,244 whereas Pharaoh et al observed higher than. average frequencies of congenital cardiovascular malformations and stillborn births and a smaller average size among live newborn babies.245 Baltzar, however, found no such differences.257 The validity of many of these studies237 242 244 256 257 has in any case been questioned258-262 on the grounds that most were carried out using retrospective postal questionnaires. Ferstanding,260 Axelsson and Rylander,26' and Tannenbaum and Goldberg262 have been especially critical, pointing out numerous methodological flaws such as the lack of criteria for exposure or outcome, poor survey response rates, selection bias, lack of validation of outcome, recall bias, and lack of control 517 of potentially confounding variables.262 These critics emphasise the need to carry out suitably designed prospective studies to determine whether or not exposure to trace concentrations of anaesthetic gases entails a real risk of abortion or congenital malformation.
Chronic exposure to anaesthetic concentrations of nitrous oxide or halothane has been reported to increase the resorption and congenital skeletal malformation rates among rats exposed during gestation263-267 or to reduce the weight and length of hamster fetuses,268 but no such effects have been observed at subanaesthetic levels.267 269-271 Neither have changes been observed in the fertility of animals exposed to subanaesthetic doses,248 269 272 or in exposed chick embryos.273280 Mutagenic effects on bacteria have been observed by some28' 282 but not by others.283 284 To sum up, there is at present no conclusive experimental evidence that chronic exposure to traces of anaesthetic gases-or even short exposure to high concentrations285 has any adverse effects on gestation in animals.
Malignancies-Chloroform286 287 and trichloroethylene238 have been found to be potentially carcinogenic (causing hepatic carcinomas and kidney tumours) for experimental animals exposed to large doses introduced by mechanisms different from those involved in the occupational exposure of man. With the exception of a study by Corbett,288 however, the results of which he was unable to reproduce,289 there is no experimental evidence that low concentrations of halothane, nitrous oxide, enflurane, isoflurane, or methoxyflurane are carcinogenic.290294
Bruce et al detected an abnormally high rate of mortality from lymphoid and reticuloendothelial tumours among anaesthetists during the period 1947-66,216 but a subsequent study failed to confirm any relation217; Cohen et al observed a greater incidence of cancer among female anaesthetists in their nationwide study236 but found no difference between exposed and unexposed subjects in their study of dentists237; and although Corbett et al reported an above average cancer rate among anaesthetic nurses in Michigan,288 serious doubts have been raised as to the validity of both this study and Cohen's.258 259 For the doctor, the pathogenic consequences of a breakdown in his relation with the patient may be physical (injuries), anatomopathological (heart attacks), or functional or psychosomatic (ulcers). The sources of the patient's aggressive conduct may be classified in three categories: those arising in the context of his relation with the doctor, those arising in his own family and working environment, and a residual group of other social sources. Aggression may take the form of physical assault or verbal attacks and be received either by the health worker himself or by his family or possessions. Verbal assault is undoubtedly the most common but cases of physical attack are by no means rare and are occasionally reported by the daily newspapers.
When faced with patients known to be mentally ill, awareness of the possibility of apparently unmotivated fits of violence puts the doctor on his guard. The most dangerous are the paranoics, 520 especially the hypochondriacs convinced that they are suffering from a serious illness because the doctor is treating them badly (there is usually another health worker encouraging such patients). Female erotomaniacs convinced that only the doctor's shyness prevents his declaring his love for them generally limit themselves to verbal assault but the doctor should avoid being left alone with them. Hysterical mythomaniacs put about false rumours and reports whose truth they believe in once they have uttered them. Excited schizophrenics and hypomaniacs can also be aggressive (the latter-usually verbally-on being told the truth about their condition, which it is sometimes wiser to keep to oneself). Assaults by drug addicts and sadists may likewise be expected. Assaults by sane patients are much more dangerous because they are unexpected; and are much more important because their unexpectedness means that the doctor was unaware of how he had frustrated the patient. 354 Finally, a different type of "assault" to which health workers are exposed is their being sued for malpractice by their patients.355 -358 Though none would wish to deny patients this right, it should be pointed out that widespread abuse of its exercise may prove detrimental to health care by inducing health workers to practise medicine on the defensive, with greater importance being given to what it is legally safe for the doctor to do than to what is beneficial for the patient.359 Paradoxically, there are grounds for thinking that the spate of malpractice cases currently disturbing United States doctors' peace of mind is in part due to the very success of modem medicine: the fact that the act of healing is now a commonplace has resulted in a tendency for any failure to be immediately attributed to negligence on the doctor's part rather than to the intrinsic limitations of his art.
